ABSTRACT.-It is suggested that the endocrines hold the key position in the mechanisnm of resistance to all infection. In man the glands of internal secretion are divided into two counterbalancing groups. It is the function of the " katabolic " group-or glands of emergenicy -to react to acute infections. It is the function of the " anabolic " group-or glands of conservation of energy-to counterbalance the prolonged over-action of the katabolic group in chronic infections. In chronic pulmonary tuberculosis improvement is dependent on the predominance of the anabolic group. Clinical and biochemical evidence to this effect is brought forward. The individual ductless glands are discussed with a view to summarizing the known tests for detecting their functional variations during life. It is suggested that present methods for the determination of basal metabolic rate are inaccurate and cumbersome.
anabolic, or " check" group of glands, is to intervene at the right moment to counteract the prolonged over-activity of the katabolic group. The anabolic group acts mainly through the cranio-sacral or vagus portion of the autonomic nervous systems. That this compensatory vagus over-action frequently occurs in cases of pulmonary tuberculosis which are making good progress is borne out by clinical observation. Marked bradyeardia is a sign of improvement. The patient from whom curve 2 (chart 2) was taken is a typical example. He had extensive disease of both lungs with a large cavity on one side and persistently positive sputum; but he was able to do four-and-a-half hours' fairly strenuous gardening. Besides the brachycardia there was also a positive Boggs-Jacobi sign-this consists of an impaired percussion note over and to the left of the manubrium sterni, which moves up on hyperextension of the head and denotes an enlarged thymus. In my series I found this sign positive in over 70 per cent. of quiescent and arrested cases of pulmonary tuberculosis. I will defer until later the discussion of the urinary curves and the blood-findings, which I consider as confirmatory evidence of the compensatory over-action of the anabolic glands.
The clinical picture of a typical case of pulmonary tuberculosis which goes rapidly downhill, in spite of treatment, is a very different one. Many authors have noted the occasional difficulty of making a differential diagnosis between exophthalmic goitre and early active pulmonary tuberculosis. The tachyeardia, the rapid loss of weight, flushing, tremor, and facial expression are characteristic of unbalanced hyperthyroidism. Also it is significant that there are often stigmata of a minor degree of acromegaly. It studded with tubercles. There was also naked-eye involvement of one suprarenal medulla and a caseous mass in the corresponding kidney. The fact that the mucosSe in the hard lung case were undamaged, the absence of secondary infection, together with the firm fibrous and calcified barriers around the diseased lung tissue, suggest, paradoxically enough, that this patient's defensive mechanism and his local extrapulmonary tissue resistance remained intact up till death. dysfunction. In contradistinction to the thyroid of the hard lung case this section gives an impression of chaos; the unsuccessful attempt of an overworked and damaged organ to react to strain. Table I is a tabulation of the main contrasting factors of the two types of case. I have put forward this classification in order to elicit discussion and not because I think that all cases of pulmonary tuberculosis can be thrust into one or other of the groups. It is obvious that every variety of mixed case may be met with between the two extremes which can be used as guides as to the way in which an individual is reacting to his particular infection. The character of the defensive reaction is far more important than the extent of lung invasion. These methods may be found of value in treatment along rational, strictly individualized lines. Curve 4 (chart 2), from the soft-lung case, shows the penultimate condition very clearly. The distance between the two lines, representing free and combined acid, is markedly increased, but the ratio between the two is below the normal line. This is characteristic of lowered In several of my cases parathyroid hypofunction was the main factor. Clinically this could be detected by the usual signs of muscular irritability and the dental stigmata, and, towards the end, by tetaniform convulsions or fantastic hallucinations. Chemically one finds a high serum phosphorus with a low phosphate excretion and a high calcium excretion. Figs. 15 and 16 show the parathyroid from two of these cases. Post mortem extensive laryngeal ulceration was found with a soft-lung type of disease. In both cases the endocrine histological picture is one of hypofunction. Fig. 15 shows the increased fibrous stroma and fig. 16 calcium injections. The endocrine picture was that of anterior pituitary and adrenal cortex as well as parathyroid deficiency. This is a good example of the way in which a primary polyglandular insufficiency is likely to affect the prognosis adversely.
Curve 3, chart 2, is from another case of what is called " galloping consuimption" with laryngeal ulceration. The extremely high acidity goes to prove the opposite condition of unchecked thyroid hyperfunction. Unfortunately I was unable to procure a post-mortem examination of this particular case. However, as the interpretation of these acid curves in the metabolic rate has not yet been adopted by other workers, I feel it necessary to show that there is a correlation between the shape of these curves and the functional activity of the thyroid ;gland measured by histological standards in other similar cases. fig. 2 , and the evidence for hyperfunction has already been cited. Fig. 18 Obermer: The Endocrinology of Tuberculosis consider the free acid line only-it is very high in the first case of hyperfunction, and actually on the base line for the greater part of the twenty-four hours in the last case of hyperfunction. In this case the clinical picture for some months before the patient died, resembled that of a hibernating animal rather than that of a human being. In spite of almost complete destruction of both lungs he drifted on fr m week to week in a state of complete lethargy with a subnormal temperature and a pulse-rate of under 80.
In Table II The progress of endocrinology is bound up with the development of applied biochemistry. Thanks to post-mortem histological appearances, definite chemical findings, such as these in cases of advanced disease, can be interpreted in terms of function. They can then be applied to the far more important field of preventive medicine. In treating minor glandular imbalance, I find that the degree of hydramia is a valuable indication or contra-indication for thyroid therapy. While on the subject of the thyroid it is noteworthy that the late Rupert Farrant [5] , who examined no less than 770 thyroids taken from a series of miscellaneous cases, divided infectious diseases into two groups. The first group, which included pulmonary tuberculosis, caused a reactionary hyperplasia, while the second group, which included pneumococcal lobar pneumonia, produced no effect on the gland, the histological appearance being the normal resting one.
Chart 4 shows the urinary curve from a case of lobar pneumonia. The first curve was taken in the acute stage and the second the day after defervescence. The absence of free acid once again correlates with low thyroid activity. It is suggestive that the early mortality is highest in acute diseases such as lobar pneumonia, in which the katabolic glands fail to accelerate, whereas in tuberculosis, in which the thyroid almost always shows a reactionary hyperplasia, the mortality is invariably delayed.
Time precludes my showing curves to illustrate the type of reaction to other acute infections. I merely wish to point out that influenza in adults and measles in children are the two diseases which are most generally followed by profound depression in convalescence. In both instances there is a very low free-acid line during convalescence, and this, in my opinion, always indicates low vitality and lowered resistance. It affords a possible explanation of the fact that these diseases are frequently complicated by secondary infections and often figure in the early history of cases of pulmonary tuberculosis.
If Finally, a field which is practically unexplored is that of the temporary and permanent effect of the common infectious diseases of childhood and adolescence on the glands of internal secretion. As the technique of histology, histochemistry, and applied biochemistry improves, it is to be hoped that it will be possible to detect and counteract the damage to the endocrines which follows infection. Lewis, 1926. Discussion.-Dr. W. LANGDON BROWN said he was in general agreement with the view that the sympathetic metabolic group of endocrines were responsible for defence against acute infections and that the para-sympathetic-anabolic group were responsible for repairing the damage done. It was surprising and rather disappointing that because endocrinology and immunology had been kept in water-tight compartments very little was known as to the influence of the endocrines in immunity.
Thanks to Dr. Cramer it was now known that histological changes were produced in the sympatho-metabolic group, i.e., thyroid, adrenals and posterior pituitary, by fever. All these glands generally mobilized sugar into the blood-stream, but as long as carbohydrate metabolism was quite normal, this did not produce hyperglycemia-the excess of sugar was used up at first for producing fever. In some fevers, e.g., pneumonia, hyperglycsemia had been observed; but the carbohydrate metabolism was probably already impaired in such cases. Dr. Cramer had shown the value of insulin in combating experimental hyperpyrexia, a fact which fitted in with the general conception that unchecked action of the sympatho-katabolic group might do harm and require the action of the opposite group to adjust the balance. In this connexion it is of interest to observe that another member of this opposing group, the parathyroids, helps to lower blood-sugar.
[Dr. Langdon Brown then gave further illustrations of the actions of endocrines in various infective processes.] He suggested that progress could be made along two lines:
(1) The study of the blood-sugar and blood-calcium in a number of infective processes. At present study of the blood-sugar was too closely restricted to those diseases in which carbohydrate metabolism was manifestly impaired.
(2) A co-operation between the immunologists and the biochemists. Dr. SCOTT WILLIAMSON said that Dr. Obermer's paper indicated possibly the first effort to study the host rather than the oetiological factor.
A consideration of the phylogeny and embryology of the endocrine glands gave a clue to the solution of the problem of the host. Anatomically the endocrine glands primarily discharged their products externally. The primitive external epithelial surface had its own sensory nerves connecting it specifically with the unstriped muscle of the body. The organ destined to become buried represented a sensory surface with its own specific peripheral ganglion, like the eye or ear. This gradual evolution could be traced into internal secreting glands which retain their specific relation as the sensory surface of a specific nerve track. The gland epithelium was the sensory receptor of the sympathetic nervous system, but stimulation of this receptor was due to differential chemical changes in the body fluids. There was no anatomical evidence that in the process of evolution the epithelium had ceased to excrete. We might therefore conclude, from a physiological point of view, that their excretion in the vertebrate was so valuable to the body economy that it must be carefully conserved. Strictly speaking, this function of the conservation of the valuable end-products of either anabolism or katabolism was the proper subject of study in endocrinology.
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The glands of external secretion were mainly concerned with end-products of exogenous metabolism, whereas the endocrine system appeared to be concerned with endogenous metabolism. Loss of the conserved material might be compensated for by controlling either anabolism or katabolism, hence the grouping of the endocrine system. An example was the apyrexial fever of Graves' disease in which, in the raised metabolic rate, there was evidence of a great increase in combustion, and utilization of oxygen. All this turnover was endothermal and not accompanied by a rise in temperature. Curiously enough, the inflammatory process of tuberculosis was also characterized by a want of fever and a high output of urinary katabolites indicating that the essential process of tuberculosis might be an onslaught on the endogenous metabolism of the body and so likely to manifest a disturbance of any or all the glands of the endocrine system. Therefore a study of the endocrinology of any disease represented a study of the more serious conditions affecting, not the ordinary turnover of the body, but a vastly more important factor-the balance of the endogenous activities on which the whole constitution and diathesis of the individual was likely to turn. Thus any biochemical or other method enabling us to estimate this endogenous turnover was a considerable forward step in the study of disease.
Dr. HALLS DALLY said Dr. Obermer had made two valuable points: (1) That the progress of biochemistry was bound up with the development of applied biochemistry, and (2) that the urinary acidity curve was a better expression of reaction than the basal metabolic rate, which possessed several limitations and some fallacies.
Dr. Charnock Bradley had recently defined comparative medicine as embracing the study of disease processes in all animals (and possibly in plants also) in all conditions, and with the help of all available means, and Dr. Langdon Brown had just referred to the watertight compartments in which medical research had for long been carried out. When medicine began to be rewritten on broad biological lines, we should not be so much concerned to look for a set of symptoms occurring in a greater or less frequency of association, and to label this with a particular name, as to seek for all information available regarding the measure of functional effieiency of individual organs and tissues at a given time. Therefore Dr. Obermer's paper was a step in the right direction, linking together physico-chemical with clinical evidence with regard to one disease (pulmonary tuberculosis) and using these findings to illustrate a general principle. Moreover, attention had been focussed upon the reaction of the host, and not upon the peculiarities of the invader. He could scarcely agree with the proposition that the endocrine glands held the key position in the mechanism of resistance to infection, since he believed that the nutritional changes in every single cell and in every single tissue of the body (themselves katabolic and anabolic) in turn activated or depressed the glands of internal secretion in their various proportions and degrees.
Regarding pulmonary tuberculosis, Dr. Obermer's investigations lent-support to the view which he (the speaker) had expressed for upwards of twenty years, that extent of tissue involved was of far less practical importance than intensity of infection and quality of reaction to such infection. The classification into " hard " and " soft " lung types, based on function and on histological differentiation, reminded him of some work done by the late Professor Waller and himself on the size and shape of the human heart, as a result of which they were able to divide into two groups the " hard " and the " soft " hearts. The comparison was not exact, because some of the " hard " hearts were physiological; but this group also included the small heart of early tuberculosis, whereas the " soft " type, sessile upon the diaphragm, and larger, invariably indicated degeneration of cardiac muscle due to disease.
The " hard " and " soft " lung types of pulmonary tuberculosis described by Dr. Obermer, associated with opposite histological pictures of the counterbalancing endocrine groups, and indicating two different modes of reaction to infection, were of considerable personal interest, because he (Dr. Halls Dally) could correlate them with opposite types of arterial pressure. Careful study of arterial pressures gave indications as to reaction, and thus became of considerable importance in prognosis. Low pressures formed a guide to the amotunt of toxic absorption. As toxEemia waxed, arterial pressure waned. Should toxemia diminish or cease, both systolic and diastolic pressures would rise; should toxeemia increase, the pressures would coincidently fall, and if they continued steadily to further reduction, the 343 PROCEEDINGS OF THE ROYAL SOCIETY OF MEDICINE 22 Obermer: The Endocrinology of Tuberculosis outlook was grave. With improvement, or if the condition became stationary, the pressures gradually rose and the differential pressure increased, indicating a heightened defensive reaction on the part of the patient. Such alterations in arterial pressure levels during acute infections could further be broadly correlated with biochemical blood and urinary findings. The low figures for the titratable acidity, mentioned for influenza and measles, occurred also in a large number of other acute infective processes, notably in diphtheria, and the ratio of this acidity to the ammonia figure (the A: N ratio) was in the direction of lessened acidity parallel with reduction of arterial pressure to low levels. In chronic conditions similar effects were manifest, but these, as one might expect, became developed at a slower rate. Hence, summarizing these factors, low arterial pressure, in chronic as well as in acute processes, combined with low titratable acidity, constituted a valuable expression of low vitality and low reactive capacity or resistance. New tests of physical efficiency had been adopted by those responsible for the medical side of aviation, and, as knowledge increased, we should be able to correlate a large number of findings derived from different sources, and possibly to weld them into one coherent whole.
Dr. HENRY ELLIS, after referring to the correlation between the central nervous system and the endocrine glands, as effected by the autonomic nervous system, said that in diseases caused by invasion, the attack was classified according to the adequacy or inadequacy of these glands. If they were adequate, there would be hyperfunction, but no injury to the glands themselves; if inadequate, there would be exhaustion and disintegration of the gland cells.
[Dr. Ellis then considered these points in detail with reference to the subject of the paper, dealing specially with the "hard types" of lung, of which the chief characteristics were acidity and resistance, and the "soft lung " type, with alkaline constitution, absence of calcium metabolism and endocrine failure.]
Dr. Obermer had confirmed his (Dr. Ellis's) view that the chief question with regard to tuberculosis was not that of infection, but that of resistance.
Dr. PHILIP ELLMAN said that he himself was particularly interested in the parathyroid gland.
He had for some time been working under Dr. Marcus Paterson at the Colindale HIospital for Pulmonary Tuberculosis on the correlation of calcium metabolism, parathyroid function and chronic pulmonary tuberculosis, associating the clinical, experimental and pathological findings.
He agreed that the calcium content of the blood-serum in these cases was hardly ever low. In some 200 estimations he had only, found one or two below normal (exhibiting Chvostek's sign), and, generally speaking, all his estimations had shown figures within normal limits (i.e. between 9-12 mgm. of calcium per 100 c.c.) ; but, curiously enough, a minimum normal figure of 9 could, with prolonged calcium or parathyroid therapy, be raised to the saturation point, with corresponding improvement in the general condition. The temperature range, the quantity of sputum, and the number of tuberculosis bacilli per field were diminished, and in some cases a positive sputum had, as with sanocrysin, been rendered negative, while the blood-pressure rose. Short periods of treatment with calcium and parathyroid were unsatisfactory; he himself had persevered with treatment over periods varying from three to twelve months in cases showing a response.
He wondered whether Dr. Obermer had observed the rise of the calcium content of the blood-serum in cases responding to calcium or parathyroid therapy.
